
F O R M A T I O N A N D E V O L U T I O N O F G A S E O U S B A R S 

D. FRIEDLI 

Université Laval and Observatoire du Mt-Mégantic 

Québec, QC, G1K 7P4, Canada. dfriedli@phy.ulaval.ca 

1. I n t r o d u c t i o n 

A l t h o u g h n u m e r o u s gaseous b a r s a re observed , t hey seem t o b e m u c h less 

c o m m o n t h a n s te l lar b a r s . T h i s m i g h t b e due t o an obse rva t iona l b i a s , b u t 

gaseous b a r s could also b e difficult t o form a n d / o r have shor t l i fe t imes. 

Gets m o r p h o l o g y is s t rongly d e p e n d e n t on t h e reso lu t ion a n d t h e consid-

e red scale . A t r u e bar- l ike s h a p e (Maffei 2) should no t b e confused w i t h 

e i t he r r ing- l ike p lus open a r m s ( IC 342) , or " twin p e a k s " ( N G C 3351) mor -

phologies . T y p i c a l obse rved gaseous b a r charac te r i s t i cs a re 2ag ~ 1 k p c , 

a n d Mg ~ 0.1 — 0 . 3 M d y n ins ide a few 100 pc 1 . Below, t h r e e m e c h a n i s m s of 

gaseous b a r f o r m a t i o n , as well as the i r evo lu t ion , a re briefly d iscussed. 

2 . G a s e o u s B a r s i n S i n g l e - B a r r e d G a l a x i e s 

If t h e g r a v i t a t i o n a l p o t e n t i a l h a s I L R s , t h e gas t e n d s to b e d i s t r i b u t e d a long 

nea r ly c i rcular ( p a r t i a l ) r ings , like for M100 a n d N G C 4314, or condensed 

i n t o t w i n p e a k s like for N G C 3351 a n d N G C 6951 ( K e n n e y 1996). S t r o n g 

s te l la r b a r s w i t h o u t I L R s (e.g. N G C 7479) a re able t o g e n e r a t e a bar - l ike 

m o r p h o l o g y for t h e gas (La ine 1996). In fact , numer ica l s imula t ions in-

c lud ing s t a r fo rma t ion ( M a r t i n & Friedli 1997) show t h a t young a n d strong 

s te l la r b a r s hos t large-scale gaseous b a r s and " H a b a r s " . T h e y lead t h e stel-

la r b a r by a few degrees . Moreover , (b/a)g < ( 6 / a ) 5 , ag < a s , Mg £ 1 0 9 Μ Θ , 

a n d E ™ a x « 2.5 · l O 3 M 0 p c " 2 . W i t h t i m e , b o t h ag a n d Mg first decrease 

very quickly, a n d t h e n r each an a s y m p t o t i c va lue ; rg « 1 G y r . D u e t o t h e 

sel f - regulat ion b y s t a r fo rma t ion , E ™ a x r ema ins near ly c o n s t a n t . 

1 Definitions: a g i as and a 3 e c = semi-major axis of gaseous, primary stellar, and sec-
ondary stellar bars; Mg and Σ9 = gas mass and gas surface density; rg = gaseous bar 
lifetime; Md y n = dynamical mass. 
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3 . G a s e o u s B a r s i n D o u b l e - B a r r e d G a l a x i e s 

M a n y galaxies hos t two nes ted a n d misal igned (wi th no sy s t ema t i c ang le ) 

s te l la r b a r s , often s e p a r a t e d by a b lue r ing . P r o t o t y p e s a re N G C 5850, or 

N G C 6782 (Wozn iak e t a l . 1995). In these s y s t e m s , b o t h b a r s h a v e p r o b a b l y 

different p a t t e r n speeds (Friedl i & M a r t i n e t 1993). Numer ica l s imu la t ions 

(Friedl i & M a r t i n e t 1997) i nd ica t e a h ighly t i m e - d e p e n d e n t m o r p h o l o g y 

of t h e nuc l ea r gaseous r ing . G a s is e i the r near ly circular ( secondary b a r || 

p r i m a r y b a r ) , or s t rongly c o n c e n t r a t e d i n t o " tw in p e a k s " ( secondary b a r _L 

p r i m a r y b a r ) . Ins ide t h e secondary b a r , a gaseous b a r m i g h t be p re sen t as 

obse rved in N G C 2782 ( Jogee et a l . 1997). In th i s t y p e of m o d e l , (b/a)g < 

( 6 / a ) s e c , ag < a s e c , Mg & 4 - 1 0 8 M @ , a n d Σ™χ « 3.5 · 1 0 3 Μ Θ ρ ^ 2 . T i m e 

evo lu t ion shows a m o d e r a t e decrease of ag a n d Mg, whereas Σ™ΆΧ aga in 

r e m a i n s nea r ly c o n s t a n t . Sho r t e r l ifetimes a re found, i.e. rg « 0.2 G y r . 

4 . S p o n t a n e o u s G a s e o u s B a r s 

N G C 6946 r e p r e s e n t s an issue for t h e above processes : i t ha s a gaseous 

b a r , b u t n o (or very weak) s te l lar ba r ! Hence , one is led t o wonder if spon-

t a n e o u s gaseous b a r ins t ab i l i ty m i g h t occur in some galaxies . Significant 

se l f -gravi ta t ion (Mg ;> 0 . 3 M d y n ) would t h e n b e requ i red . Such a cr i t ical 

m a s s could b e r eached in p r imord i a l ga lac t ic discs, merge r s , a n d of course 

s te l la r b a r s . However , s p o n t a n e o u s gaseous b a r s are very u n s t a b l e (frag-

m e n t a t i o n ) . Also , gas self-gravity decreases quickly d u e t o furious s t a r for-

m a t i o n . A very shor t rg r e su l t s . A n o t h e r appea l ing poss ibi l i ty for N G C 6946 

is t h a t t h e s te l lar b a r is now near ly dissolved (Friedli & Benz 1993). 

5. S u m m a r y 

T h e t h r e e m e c h a n i s m s of gaseous b a r fo rmat ion a n d evolu t ion inves t iga t ed 

a b o v e show r a t h e r sho r t l ifet imes (rg « 1.0 G y r a t m o s t ) . Typ i ca l sizes a re 

ag = (0 .80 - 0 . 0 5 ) a s , or ag = (0 .55 - 0 . 3 0 ) a s e c . T h e evolu t ion of Mg a n d 

£max a r e e s s e n t i a l l y control led by s t a r fo rma t ion , not by d y n a m i c s . T h i s 

m i g h t exp la in w h y genera l ly Mg <; O.SM^. 
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